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EXTRUDED THERMOPLASTIC 
INSULATION ON STATOR BARS 

Background of the invention 

This invention relates to an apparatus and a method for 
applying insulation to power generator stator bars and the resulting 
5 stator bars. More particularty, it relates to an apparatus and a method 
for extruding thermoplastic insulation onto stator bars, an extrusion 
die and the stator bar comprising thermoplastic insulation that is 
produced by the method. 

Stator bars conduct current out of the generator. 
1 0 Typically, a generator comprises a rotor that rotates in a magnetic 
field, thereby inducing an electrical field in a conductor. The stator 
bar is the conductor. 

These stator bars typically comprise numerous strands 
of copper bundled together. The stator bars are manufactured in 
15 various lengths, shapes and cross sections, depending on the 
generator design, voltage and power. The stator bars of each 
generator are unique, being custom designed for the specific 
generator. Generators can contain more than 100 stator bars. The 
stator bars can be up to 30 feet long and several inches in width. 
20 Because of the high voltage carried by these stator bars, 

they must be insulated electrically from the rest of the stator. 
Typically, high voltage insulation for generator stator bars is made by 
a taping process. Multiple layers of any thermosetting 
epoxy/mica/glass tape are wrapped around the stator bar and then 
25 covered with subsequent layers of a sacrificial potymer that protects 
the insulation layers during later processing. The wrapped stator bars 
are then heated under vacuum to remove most of the residual soh^ent 
from the epoxy resin. The epoxy resin is cured under pressure using 
conditions that are designed to allow the epoxy to flow sufficiently to 
30 fill any voids present in the wrapped layers. In a different process. 

multiple layers of mica containing tape are wrapped around the stator 
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bar. Then, in a subsequent operation, the bar ts vacuum dried to 
remove air and volatiles followed by pressure impregnation with an 
epoxy or silicone material. While providing an excellent electrical 
insulation when properly manufactured, these processes are very 
5 time consuming and labor intensive. Also, because of the variable 
processing parameters, such as iimSr lerr»pgratur:e^^ 
needed to. balance the proper amount of solvent release and the 
degree of epoxy flow prior to full cure of the epoxy resin, these 
systems are prone to producing an insulation that is incompletely 

1 0 cured or possesses residual voids. 

It is desirable to have an insulation that meets the 
thenmal, mechanical and electrical property requirements of the stator 
bar environment and that can be applied to the stator bar using a 
method that leaves it essentially free of voids. Therefore, it is 

1 5 desirable to use a thermoplastic material as insulation. It is also 
desirable to provide a method of applying insulation that is not so 
labor intensive, and therefore, is cheaper, while at the same time 
offering thermal and electrical properties that are better than those 
available with the process of the prior art. 

20 Using extruded thermoplastic as insulation on wiring is 

well known in the art. Typically, wire is coated by an extrusion head 
wherein the wire is passed through a central bore within the, extrusion 
head. This central bore is coaxial with one or more annular extrusion 
mandrels that deposit concentric layers of themioplastic, such as 

25 polyethylene, onto the wire as it passes through the extrusion head. 
The wails of the central bore are typically parallel to the direction of 
movement of the wire so that the wire is held substantially straight 
within the extrusion head. Such an extrusion head cannot 
accommodate a wire that is not flexible or is not 'straight" in the sense 

30 that it can be placed into the extrusion head parallel to the direction of 
the movement of the wire. A wire coating extrusion head is typified by 
the die disclosed in US Patent 4,940,504 wherein a plurality of layers 
of plastic compounds are extruded onto a moving electrical conductor 
which is centered in the plastic coating. 
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It is desirable to provide an extrusion head that can coat 
wires or bars which are not flexible enough to be coated through an 
extaision head of the prior art. More particularly, it is desirable to 
provide an extrusion head that can accommodate bars of varying 
5 geometric shapes. 

Summary of the Invention 

The present invention provides a method of extruding 
1 0 thermoplastic material onto a complex shape comprising the steps of: 

a. feeding the complex shape with a length 
and more than one side into a central bore of a die wherein said 
central bore is of a configuration sufficient to allow said die to be 
moved along said complex shape, 
15 b. extruding at least one thermoplastic 

material through said die so that it is deposited simultaneously onto 
each side of said complex shape; 

c. traversing said die along the entire length 

of said complex shape. 
20 The present invention also provides an apparatus for 

applying insulation to a complex shape comprising: 

a. a central bore of a die wherein said central 
bore is of a configuration sufficient to allow said die to be moved 
along a complex shape with a plurality of sides and a length, and 

25 through which said complex shape is fed. 

b. a means of traversing said extrusion die 
along the length of said complex shape. 

c. at least one extruder connected to said die 

by flexible coupling means. 
30 The present invention further provides a die for 

extruding at least one thermoplastic material onto a complex shape 
wherein the die comprises a central bore of a shape sufficient to allow 
said die to be moved along the length of a complex shape. 



The present invention finally provides a stator bar for 
power generation equipment comprising extruded thermoplastic 
insulation on each of a plurality of sides. 

Brief Description of the Drawings 

^ Rg. 1 is a schematic diagram of the present invention 
generally illustrating its major components. 

Fig. 2 is a schematic diagram of a cross section of the 
preferred embodiment of the die. 

Description of the Preferred Embodiment 

This invention relates to extrusion of thermoplastic 
insulation onto complex shapes. More particularly, it relates to 
extrusion of thermoplastic insulation onto stator bars for power 
generators. 

Extrusion dies are well known in the art. Many designs 
of extrusion dies used to coat wire or to extmde a parison for blow 
molding can be adapted for use in the present invention. As shown in 
Fig. 2, one embodiment of an extmsion die. indicated generally at 10. 
in accordance with the invention Includes one or more extrusion 
mandrels indicated generally at 12 and 14 through which flow 
streams of plastic 16 and 18 onto a complex shape 38, such as a 
stator bar. There must be at least one extrusion mandrel 12. 
Additional mandrels can be added to allow for the development of a 
multilayer plastic coating 40 on the complex shape 38. 

There is no limit on the design of the portion of the 
extrusion mandrels 12 and 14 that detemnines the flow pattern of the 
plastic stream(s) 16 and 18. The configuration of multiple extmsion 
mandrels can be similar to that disclosed in US Patent 4,940,504, 
hereby incorporated by reference, wherein the extrusion mandrels 
comprise concentric segments whereby the plastic streams are 
mechanically and thermally separated. Another acceptable extrusion 
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mandrel design is disclosed in US Patent 5,069.612. hereby 
incorporated by reference, wherein the extrusion die 10 comprises 
one or more coaxial annular extrusion mandrels 12 and 14 each 
including a pair of mating annular members with central frustoconical 

5 portions having apexes with an axial dimension greater than the axial 
dimension of the outer portions of the mandrels so as to fomi air 
spaces around each mandrel including frustoconical air space 
portions to avoid direct heat transfer between adjacent mandrels. The 
extrusion die 10 design can also be similar to that disclosed in US 

10 Patent 4.182,603, hereby incorporated by reference, wherein the 

extrusion die 10 is of the type known as a spiral mandrel die wherein 
the extrusion mandrels 12 and 14 are provided with helical grooves 
on their peripheries and wherein at least one spiral mandrel has 
helical grooves of opposite hand than those of the remaining 

15 mandrels. 

While the design of the extrusion mandrels 12 and 14 
can be varied as desired, it is imperative that the extrusion mandrels 
12 and 14 have a central bore 20 of a configuration sufficient to 
allow the complete die 10 to be moved along the length of the 
20 complex shape 38. While the central bore 20 must allow the die 1 0 
to be moved along the complex shape 38, it must also allow the 
extruded plastic stream(s) 16 and 18 to contact the complex shape 
38 so that the plastic adheres to the shape 38, Preferably, as shown 
in Fig. 2, the central bore 20 is conical with the exit(s) 22 and 24 for 
25 the plastic stream(s) 16 and 18 at the narrow end of the cone 26 and 
the complex shape 38 moves through the cone from the wide end 28 
toward the nan-ow end of the cone 26. Only this narrow end of the 
cone 26 is in close proximity to all sides of the shape, while the wide 
end of the cone 28 provides space for the shape to move within the 
30 die 10 to accommodate its irregular configuration. 

The narrow end of the cone 26 can be any 
configuration, depending on the complex shape 38 to be covered. It 
can be circular or oval or it can conform to the cross section of the 
complex shape 38 over which it traverses. The configuration of the 
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narrow end of the cone will help to determine the thickness of the 
insulation. For some applications, it may be necessary to custom 
design a narrow end of the cone 26 that conforms substantially to the 
cross sectional configuration of the complex shape 38. 
5 The method of the present invention comprises the steps 

of feeding the complex shape 38 through a central bore 20 of the 
extrusion die 10 to deposit a thermoplastic coating 40 along the 
entire length of the shape 38. This method is illustrated in Fig. 1. 

A complex shape 38 is fed through a central bore 20 of 

10 an extrusion die 10. There is no limit on the configuration of the 
complex shape 38. Preferably, the complex shape 38 comprises a 
stator bar of a generator. Such stator bars can comprise numerous 
strands of copper bundled together. They are manufactured in 
various lengths, shapes and cross sections, depending on the 

1 5 generator design, voltage and power. The stator bars can be up to 30 
feet long and several inches in width. 

The complex shape 38 must be held by means 
sufficient to keep the complex shape 38 in a proper position relative 
to the die 10 as the die 10 traverses the length of the complex shape 

20 38 while not interfering with the movement of the die 10 along the 
complex shape 38. Such means can hold the complex shape 38 
stationary as the die traverses it. Means which provide for the 
movement of the shape 38 relative to the die 10 as the die 10 moves 
aiong the shape 38 can also be used. Such means will allow the 

25 complex shape 38 to be moved about within the central bore 20 of 
the die 10, thereby allowing easier passage of the die 10 along the 
shape 38. 

The extrusion die 1 0 is made to traverse the length of 
the complex shape 38 by means sufficient to ensure that the die 10 
30 follows the contours of the complex shape 38. Such means can 

include, but are not limited to, a track that follows the configuration of 
the complex shape 38 aiong which the extrusion die 10 can be 
propelled. Prefer^ly, the die 10 traverses the length of the complex 
shape 38 by rotx>tic means 36. These robotic means 36 can then be 
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used with any complex shape 38 simply by being reprogrammed to 
propel the die 10 along the contours ot a particular complex shape 
38. 

At least one and preferably a plurality of extruders 32 
5 and 34 supply molten plastic resin to the extrusion die 10. The 
number of extruders used is dependent on the number of layers of 
different plastics desired to produce the thermoplastic coating 40. 
Extruders 32 and 34 are well known in the art. There is no limit on 
the type of extruder 32 and 34 that can be used. Because the 
1 0 extrusion die 10 must move in more than one plane to traverise the 
length of a complex shape, it is important that the plurality of extruders 
32 and 34 be attached to the extrusion die 10 by flexible coupling 
means 42 and 44. Such flexible coupling means 42 and 44 must be 
able to withstand the temperature and pressures of the molten plastic 
15 as it leaves the extruder 32 and 34. The flexible coupling means 42 
and 44 can comprise thenmally heated hose. Themially heated hose 
that can withstand temperatures and pressures up to 760X and 10 
MPa is available commercially. 

As depicted in Fig. 2. the plastic coating 40 that is 
20 applied to all sides of the complex shape 38 may comprise a plurality 
of layers made from the plurality of individual plastic streams 16 and 
18 that are extruded from the plurality of die mandrels 12 and 14. 
The number of individual layers of thermoplastic is determinable by 
those skilled in the art, depending on the requirements of the 
25 particular application. For use in the present invention, the 

thermoplastic material must be able to withstand the temperatures at 
which the coated complex shape will operate. Polyetherimide is one 
example of one such material. 

As diagrammed in Fig. 1 , the apparatus for applying a 
30 thermoplastic coating to a complex shape comprises an extrusion die 
10 through which a shape 38, with a plurality of sides and a length is 
fed, a means 36 of traversing the extrusion die 10 along the length of 
the complex shape 38» a plurality of extruders 32 and 34 connected 
to the die 10 by flexible coupling means 42 and 44. 
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What is claimed is: 

1 A method of extruding themioplastic material onto 
a complex shape comprising the steps of: 

a. feeding the complex shape with a length 
and more than one side into a central bore of a die wherein said 
central bore is of a configuration sufficient to allow said die Jo be 
moved along said complex shape. 

b. extruding at least one thermoplastic 
material through said die so that it is deposited simultaneously onto 
each side of said complex shape: 

c. traversing said die along the entire length 
of said complex shape. 

2. A method in accordance with claim 1 , wherein 
said complex shape comprises a generator stator bar. 

3. A method in accordance with claim 1 , wherein 
said central bore is conical and comprises a narrow end, a wide end 
and at least one exit for at least one plastic stream at the narrow end 
of the central bore, and wherein said complex shape moves through 
the central bore from the wide end toward the narrow end. 

4. A method in accordance with claim 3, wherein 
said central bore comprises a plurality of exits for a plurality of plastic 
streams. 

5. A method in accordance with claim 1 . wherein 
said complex shape is supported by means sufficient to hold said 
shape stationary as said extrusion die traverses it. 

6. A method in accordance with claim 1 , wherein 
said complex shape is supported by means which provide for the 
movement of said complex shape relative to said extrusion die as 
said extrusion die moves along said complex shape. 

7. A method in accordance with claim 1 . wherein 
said extrusion die is traversed along the length of said complex shape 
by robotic means. 

8. An apparatus for applying insulation to a complex 
shape comprising: 
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a. a central bore of a die wherein said central 
bore is of a configuration sufficient to allow said die to be moved 

5 along a connplex shape with a plurality of sides and a length, and 
through which said complex shape is fed, 

b. a means of traversing said extrusion die 
along the length of said complex shape, 

c. at least one extruder connected to said die 

1 0 by flexible coupling means. 

9. An apparatus in accordance with claim 8. wherein 
said complex shape comprises a generator stator bar 

10. An apparatus in accordance with claim 8, wherein 
said central bore is conical and comprises a narrow end, a wide end 
and a plurality of exits for a plurality of plastic streams at the narrow 
end of the central bore, and wherein said complex shape moves 

5 through the central bore from the wide end toward the narrow end. 

11. An apparatus in accordance with claim 8, wherein 
said complex shape is supported by means sufficient to hold said 
complex shape stationary as said extmsion die traverses it. 

12. An apparatus in accordance with claim 8, wherein 
said complex shape is supported by means which provide for the 
movement of said complex shape relative to said extmsion die as 
said extrusion die moves along said complex shape. 

13. An apparatus in accordance with claim 8, wherein 
said extrusion die is traversed along the length of said complex shape 
by robotic means. 

14. An apparatus in accordance with claim 8. further 
comprising at least one extruder attached to said extmsion die by 
flexible coupling means that are capable of withstanding the 
temperature and pressures of molten plastic. 

15. An apparatus in accordance with claim 8, furtfier 
comprising a plurality of extmders attached to said extrusion die by 
flexible coupling means that are capable of withstanding the 
temperature and pressures of molten plastic. 
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1 6. A die for extruding at least one thermoplastic 
material onto a complex shape wherein the die comprises a central 
bore of a shape sufficient to allow said die to be moved along the 
length of a complex shape. 

17. A die in accordance with claim 16. wherein said 
central bore is conical and cprriprises a narrow^end. a wide end and 
at least one exit for at least one plastic stream at the narrow end of the 
central bore, and wherein said complex shape moves through the 

5 central bore from the wide end toward the narrow end. 

18. A die in accordance with claim 17. wherein said 
central bore further comprises a plurality of exits for a plurality of 
plastic streams. 

1 9. A stator bar for power generation equipment 
comprising at least one thermoplastic material extmded onto each of 
a plurality of sides. 

20. A stator bar in accordance with claim 19. wherein 
said themrioplastic material comprises polyetherimide. 

21 . A stator bar in accoidance with claim 19. further 
comprising a plurality of thermoplastic materials extruded onto each 
of a plurality of sides. 



wo 97/11831 



PCT/US96/14397 




INTERNATIONAL SEARCH REPORT 



Inki Ml A p fl iciB ea No 

PCT/US 96/14397 



. CLASSinCATION OF SUBJECT MATTER 

PC 6 B29C47/e2 



Accewtog n IntwniaoBil PHent CUniScilion (IPC) or to both maepil cl«nific«tion mmI IPC 



Minimiim docummtitioa (Ofchcd (cKatbcinao <yswn followed by dMafiooon tymbolt) 

PC 6 B29C HOIB 



DocumenUtloa acj 



larthed ottio- ttun muamum (tocumeRuaon to the caeai th^^ searched 



Electronic data b»e coi»ilted dunni the mtemaoonal «it:h (name of d«* hoe «id. where piactical, search lenns used) 



C. DOClJMEr^ CONSIDERED TO BE RELEVANT 



Catesory- Qution of doct«iem. wi* nutcation, where appropnate. of the relevant passam 



Relevant to claim No. 



EP,A,0 638 408 (SAINT GOBAIN VITRAGE) 15 
February 1995 

see abstract , 

see column 4, line 17 - column 5, line 10 

see column 6, line 47 - line 52 

see claims 1-4; figures 1.3 

GB.A.l 064 622 (SUMITOMO ELECTRIC 
INDUSTRIES LTD) 5 April 1967 
see page 2, line 53 - line 111 
see figures 5,6 



1-14 



15 

1,3-8, 

lG-14 

16-18 



0 



Further doctanons arc 



lisud m Ibc oonuiua&oa of box C. 



Patent Cmily mcn»ba« are teied i 



Spcoal catefORcs of ated tfiw jim ai in : 



t dcfiniBS the tncral sttu of the art which is not 



con&dercd to be of panieular rclcvmcc 
'E' earlier document tots I 
fdini dau 

LT docmneni which may throw douha on pnoriiy daraWoT 
which IS died to cstabUsh the puUicatton date of another 
atation or other spcoal reason (as ipca6e4) 

'O' document refcrrins «o an oral disdoetm. wc, < 



later docummt puUidied after tf«e ^'>^';!^;^^^S^*£^ 
or prionty date «S not in conflicl with me apph^cBtwrn bitt 

dted to tndcntami die pnnapic or theory utdcriyms O&c 



P* document pubtishod prior to the tntemaiianal films date tnit 
later than the pnon^ dau cla i med 



•X- dociwiem of parncular relevance; Aedttm^mvCTi^ 
cannot be cmdcrcd novel or cannot be coosdernl «» 

an mvennve step when the document » taken alone 

•Y* doomieni of particular rdevance; the daimed tnverjOT 
cannot be coSdered lo involve an ^^^JJ^^J^SLJ* 
dociment ts combined wiOi one or more o*n|sudJ docu^ 
cnents, sudt oonihuiattoo being obvious to a peison s^"— 
tn the art. 

•A' documem mem ber Of the same patmt family 
Date of of the intcmahoftil search repoet 



Date of the aenial cooiplcoan of the i ntcr airio n al uarcfa 

10 December 1996 



17. 12 .96 



Name ««d maOms addreu of tte ISA 

European PaictA Office. P.B. SSIS Paientf aan 2 
NL - 33B0 HV Ritswitk 
Td. ( 11-7D) 340-2040. Tk. 31 «S1 Cpo id. 
FaK('^3l-'ra) 340-3016 



Authonied ofliccr 



Jensen. K 



Form fCT/ISA^IO (tacoMi ihatt) (J«ly IWJ) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



C^ContuuiaboD) DOCUMENTS CONSIDERED TO BE RELEVANT 



Inie jnal Applica&oo No 

PCT/US 96/14397 





Outiofk of document, witti mdicuion. wturt ipprapnatt. of the relevant puafn 


Relevant to claim No. 


P,Y 


US, A, 5 552 222 (BOLON DONALD A ET AL) 3 
September 1996 

see column 1, line 48 - line 61 
see column 2, line 9 - line 14 
see claims 1-4 


2,9 


A 




19-21 


P. A 


EP,A,G 689 925 (TOKAI KOGYO CO LTD) 3 
January 1996 

see page 6, line 16 - line 27 
see figures, 4,9 


1.6,8,12 


A 


DE,A,38 31 321 (ROKADO METALL HOLZ 
KUNSTSTOFF) 22 June 1989 
see column 2, line 50 - line 62 
see claim 4; figure 1 


1,6.8,12 


A 


PATENT ABSTRACTS OF JAPAN 

vol, 004, no. Ill (M-025), 9 August 1980 

& JP,A,55 069436 (IKEGAI CORP), 26 May 

1980, 

see abstract 


1.3.6,8. 

18,12. 

16.17 


A 


DE,A.26 29 114 (KUNSTSTOFFABRIK ERICH 
DITTRICH) 12 January 1978 
see claims 1,5; figure 1 


1.8.16 



Pofm PCT/ISA/31D (OMrtinwitioA of nxxmd Utwt} (July 1992) 

page 2 of 2 



INTERNATIONAL SEARCH REPORT 



Infonwon on paxcnt (ainily 



Intc xul Appbcaaon No 

PCT/US 96/14397 



Pitem document 
died in search icpott 



Publimion 
dale 



Patent family 
mcmber(s) 



Publication 
date 



EP-A-06384e8 



15-02-95 



DE-A- 
CZ-A- 
JP-A- 
US-A- 



4326650 
9401930 
7165441 
5507994 



GB-A-1064622 
US-A-5552222 
EP-A-0689925 



03-09-96 
03-01-96 



NONE 
NONE 



JP-A- 
DE-D- 
DE-T- 
DE-D- 
DE-T- 
EP-A- 
EP-A- 
US-A- 
US-A- 



DE-A-3831321 
OE-A-2629114 



22-06-89 
12-01-78 



DE-U- 
NONE 



16-02-95 

15- 11-95 
27-06-95 

16- 04-96 



4261822 


17- 


•09- 


•92 


69118852 


23- 


•05- 


■95 


69118852 


26- 


■09- 


-96 


69118854 


23- 


.05- 


-96 


69118854 


26- 


.09- 


-96 


0493068 


01- 


-07- 


■92 


0493069 


01- 


-07- 


-92 


5411696 


02 


-05 


-95 


5498391 


12 


-03 


-96 


8716369 


04 


-02 


-88 



f:orm PCT/ISArtlO (pnul f»i»iiy 



poly im> 



THIS PAGE BLANK (uspto) 



